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In this study, one of effective methods of multiple access, namely non-orthogonal mul- 
tiple access (NOMA), is investigated. Such NOMA scheme can be worked with signal 
processing at downlink side. As such, the base station sends mixed signals of two sig- 
nals to destinations. A near user could be a relay to forward the signal to the distant 
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user by leveraging benefits of full-duplex mode which allows relay to transmit and 
receive signals in the same time. For simple analysis, the two-user approach and fixed 
power allocation factors are implemented. We also derive formulas of the outage prob- 
ability of two users (near-user and far-user) to indicate fairness and emphasize the role 
of the near user as a relay. This considered NOMA system adopts transmission with 
Nakagami-m fading channel. As a further metric, throughput is considered under the 
impacts of key system parameters. The transmit signal-to-noise ratio (SNR) at the base 
access station make influences the performance of two users significantly as observation indi- 
cated in our simulation results. These results are confirmed by matching Monte-Carlo 
with the theoretical simulations. 
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1. INTRODUCTION 

In recent years, non-orthogonal multiple access (NOMA) has been the leading applications to develop 
services with high demand of bandwidth efficiency [1]-[3]. More benefits from NOMA are better fairness and 
improved energy efficiency [4], [5]. The multiple users are multiplexed in the context of NOMA at the same 
time and frequency. Compared with conventional orthogonal multiple access (OMA), more users are provided 
with the superimposing signals processed at the transmitter while successive interference cancellation (SIC) 
is employed at the receiver [6], [7]. By exploiting the distances from users to the base station (BS) in the 
NOMA system, the two kinds of users are classified such as the near user and the far user. Unfortunately, 
the existence of the worse performance of the far user since long-distance transmission as results reported 
in [8]. To guarantee fairness among many users employing NOMA scheme, the far users should be allocated 
more power while less power is assigned to near users. In particular, the fixed power allocation approach was 
adopted to guarantee the performance of the fairness and processing load. This scheme will provide acceptable 
quality-of-service (QoS) requirements regardless of feedback/header information [8]. It is in high demand to 
implement higher coverage for wireless systems and a cooperative transmission approach is recommended to 
employ NOMA to improve the performance of two users [9]-[13]. 

The previous studies regarding the wireless system employing half-duplex (HD) transmission show 
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lower bandwidth efficiency since these approaches cannot transmit and receive simultaneously. At HD, less 
bandwidth efficiency is required by two time slots are used to tramsit signal from the base station to desti- 
nation via a relay. Recently, to overcome this problem, full-duplex (FD) based NOMA-assisted systems are 
studied [14]-[23]. The downlink cooperative NOMA systems employ compress-and-forward (CF)-based FD 
relay to improve transmissions [14]. To specify the quality, the achievable rate region is examined in the 
proposed technique. In the scenario of [15], to allow BS to communicate with destinations, an FD-NOMA 
architecture was considered for a downlink cellular network and a dedicated FD relay benefits to cell-edge 
users. A network-coded cooperative NOMA (NC-CNOMA) strategy is studied, in which users implement 
physical-layer network coding (PNC) to demodulate signals [16]. Considering the main simulation results in 
terms of outage probability, the NC-CNOMA scheme shows high advantages compared with the conventional 
cooperative NOMA system [16]. 

Zhang et al. [17], a cell-center user operates as an FD relay to forward signal to a distant user as the 
work presented in [16]. As the main result, explored the optimal power allocation and optimal outage 
probability satisfies at proper applications related to NOMA scheme. The authors proved the closed-form 
formulas of outage probability and ergodic sum-rate [17]. The authors in examined the performance of 
downlink NOMA by exploiting the average block error rate (BLER) and such a system is suitable for short- 
packet communication networks. Since stochastic geometry is deployed in a system relying on Nakagami-m 
fading channels, which corresponds to the locations of NOMA users and these users obey uniform distribution 
in a disc [19]. The authors studied theoretically the analytical formulas for average BLER in [19]. By treating 
Nakagami-m fading channels. a spectrum-efficient scheme is proposed for the NOMA system. The BS sends 
signals directly to a cell-center user (CCU). By achieving a relay and the CCU, they derived a formula for 
performance analysis of a cell-edge user (CEU) [20]. Motivated recent studies [20]-(23], we exploit main 
system performance metric for FD-NOMA. 


2. SYSTEM MODEL 

As illustration in Figure |l| a downlink NOMA needs a robust transmission by allowing one base 
station (BS) and two NOMA users (D; and D2) to work together. One of possible case is the far user is able to 
connect directly with BS, i.e. the far user Dz needs support from the near user D1. |gil^, |go|^, |931", lor |? are 
considered to follow exponential distribution, i.e. Ag,,2 € {1, 2,3, f). The received signal at D, can be given 


by [24]: 


Figure 1. System model 


Vo, = gı (VasPsas  V/asPsra) + gs Pony tm; (1) 


where Ps,Pp, is denoted as the normalized transmission powers at the BS, D; and D». £1, x» are the signals for 
D1, D2. 04,02 are the corresponding power allocation coefficients, we assume that a, < a2 with o +Q2 = 1. 
The received signal to interference plus noise ratio (SINR) at D, to detect x» is written as: 
2 
o»ps|gi| 
2 2 
oaips|gi + pxlgel +1 


(2) 


^JDa—D; = 
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where p = ps = pı = xs is transmit SNR. 


By exploiting SIC, a noise term is eliminated to examine new form of the received SINR at D, (cor- 
responding to detect xı) is written as: 


2 
|. psg 


= (3) 
"o pgs +1 


the received signal at Də can be written as [24]: 


UD. = 93 (v aıPszı + v aaPs22 ) + ga v P122 + D: (4) 


considering other link D» (direct link) the received signal can be computed as [24]: 


YD: = 93 (v a Psa, + y agPsaz) + np, (5) 


by computing SINR at D», x2 could be detected and SINR is formulated by: 


2 
Q2ps|93 
YDo,1 = _22psigsl d (6) 
aips|g3| +1 


at user D», x» could be detected after signal x; as following SINR: 


YD2,2 = pilgal? (7) 


by considering direct and relay links Dı to Dz have more chances to communicate with the BS. Allowing 
maximal ratio combining deployed at Dz. Obtaining MRC, the received SINR at D» are described respectively 
as: 


2 
oaps|gs| 
We” = plg? + — ——— (8) 
oips|gs| +1 
the PDF and CDF of Nakagami-m fading distribution are given by: 
amsi le Por 
figil? (z) = Are A ean (9) 
bs I (mg) Bg; ' 
and: 
mg,—1 
— um rz 
Hap (2)=1-e 7 5 i. (10) 
n=0 Gt 
where bg, à Aui with Àg; and mg, = m represent the mean and integer fading factor. 
3. OUTAGE PROBABILITIES FOR TWO NOMA USERS 
3.1. Outage probability of D 
The near user Dı employing FD mode and it meets outage probability as (11) [24]: 
OPp, =Pr(yp.4D1 € ?t2, YD. < tha) (11) 


—1-Ptjpn, > Jnnt > Yth,1); 
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where Yth,1 = 2m i, Yth,2 = QR» — 1, R,, Rə are the needed target rates of corresponding users D1, D». 
From[2]and [B] we have as: 


2 
OPp, =1 — Pr azpsloi l > "cun. eps > "una 
p 2 Z Vth,2, 2 = Yth, 
aipslgil Toe +1 pılgs| +1 


= 1- f / Figg? (x) fi, jo Y)dady (12) 


0 &(pizFl) 


4 nı f p£ n2 £ mg, +n1i—n2 
FS (mtn JE GR) G7 ne tea 


ni! (mg, + m1) T (mg,)T (m,,) 


nj1—0 no=0 


^ 
where £1 — max ( Veh,2 Tha ) 


a2pPs—A1psyth,2’? ops 


3.2. Outage probability of Də with direct link 


The complex case of the far user relies on the ability of signal detection at the near user. Then we 
compute the outage probability of D» as [24]: 


OPB! = Prin < Yth, 23 DoD > YWth,2) + Pr (YDa>D, < Vh, 2, YDa,1 < Yth,2) (13) 
ee G OAS 
ĉo, Se, 


by definition, ©; can be calculated as: 


^ 
0, 2 Pr (YF? < 2,042, > Vih,2) 
Pr (ale P 14 
r (yD; < Vth,2) t(y.>D, > Yth,2) (14) 
————— 
Ax Ax 
—M ——2 
in which, ©; can be calculated as: 
= Å 
By =Pr (wre < Vth,2) 
2 YVth,2 a»|gsl" 2 Yth,2 
= Pr | [gol < 21193 | 
pı —opslgsl +1 PD, (a2 — A14th,2) 
SS 
2s 
Va Mga—1 
m J m tis de (15) 
0 T (mg) 93 
_ Vth,2 wr Mgo—1 
p1B8 x age 92 n 
T (mgs) 93 : n=0 M855 pi eipsc- 1 


ab Tha—l n — thd mL 
go LE m uu 
D (mg) n!85 T (Mgs) fus? o1psc +1 pı 


n=0 =0 
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where: 


Vi 
^ omo 2922 
we E | gie Baz e Pao (e10s71) dy 
0 


j d o1psVidl ai 
y-1 a2(y— 

= aps ( i (y — 1)"e *1^sPes e178 7524 dy 

Q1ps 4 
i ph aipstitl ) 

H Urn n1(y-1) 22 1 

=Q =i le eiPSPgoV  eiPSPga d 

so) 5 ( 2: ) ) ‘i y y 


1 


: i 5 H ( 1)“ hieaipsHg | aps Be 
=a a= ? ? 
1ps aps nı 


&œaipspı+1 


ag y 
x: y^ tile o1psBgov &1PSÊg3 dy. 


1 
the inner integral can be solved by using result in Eq. (3.381.1)] with u Ak + mg, — 1 and: 


— A 
E2 =Pr(yp,D, > 1) 


^fth,2 (mile; Eu 1) 


G»ps — O1pSs^yth,2 


+ +ni— 
a 3 id x ar 2H ny "T (mg, 4 n3) 


n2 ni! (mg, 4 n3) T (mg,)T (Mgs) 


—Pr lg? > 


n1—0 nz2=0 


next, O» can be calculated as: 


^ 
O2 2 Pr (YDD; € Yth,2, YD2,1 < Yth,2) 


: ang (ep. Ih; +1) 


2 Yth,2 
= Pr | lai x Pr (løs < 2—) 
Q2PS — A1Ps7th,2 Q2PS — A1Ps7th,2 
ee —q~qjYq~ 
SS amama AS 


in which, 
^Yth,2 (pilor? + 1) 


Q2PS — A1Ps7th,2 


= â 
ES S Pr | la^ < 


Yth,2(23P1Y+1) 
oo 92PS-9?1PS^th,2 


=f [o fee Wary 


0 0 


» > D ( Tak ) (-1)™T (mg, + n4) 


ns! (Mg, + n3) P (mg) P (Mgs) 


" ( Yth,2 ) (me) 
008 — A1PsYth,2 p 


j SS SS (mates) CU MEME e fad 
E 2 (T) AL 
= na na! (mg, T ns) r (ma) las 
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(16) 


(17) 


(18) 


(19) 
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where jjj = Mg, + n3 — Na: 


z Pr (lga? < — 12——) 
Q2PS — A1PSYth,2 
Yth, 2 Mgz—1 ns (20) 
—1-—e (e20s-eiestin2)823 5 1 ( ^fth,2 ) 
c ns! \ (a2ps — a1ps7tn,2) Bas 
based on and (20), we have (21). 
Os LS x eA 
+ 
E 3 si mg, +73 ) (-1)™"T (mg, + na) 
a m n4 ng! (mg, + n3)  (mg,) T (Mg; ) 
x ( Yth,2 i. (us ) s (21) 
Ops — O1DpS^yth,2 pi 
Vth,2 Mg3—1 1 " fig 
x | 1— e (o205-721257,2)P23 ( th,2 ) 
2. ns! \ (oops — ou ps^rim,2) Bas 


n5=0 


3.3. Throughput 


The throughput is further metric to evaluate a system can be implemented effectively or not. In fact, 
it depends to outage probability and target rates, so it could be examined as follow. The throughput of D, and 
D» are given by: 


Ep, -(1- OPH") x Ry (22) 


and, 


Ep, = (1— OPPE) x Re (23) 


the overall system throughput is given by (24). 
Esystem — Ep, F £p, (24) 


4. NUMERICAL RESULTS 


In this section, we perform Matlab simulations to verify derived expressions above. Some general 
parameters as Àg, = d~°, Ag, = (1— d) ^, Ag, = 1. Figure 2 depicts outage probability versus the transmit 
SNR at the BS. It can be seen that the significant improvement of outage behavior of two users is reported 
at high SNR region. Regarding quality of channels, m = 5 is known as the best case. The second user D2 
shows better outage performance compared with another user. Figure 3 shows the impact of quality of channel 
on outage probability. We see that the higher transmit SNR at the BS leads to improvement in term of outage 
probability. It can be seen that the limitation of outage performance happens as o = 5 is known as the best 
case. The second user D» shows better outage performance compared with another user. Figure 4 shows 
the throughput of two users and the whole system. Since the throughput depends on outage probability, the 
highest throughput can be seen at high SNR region. Figure 5 indicates the impact of self-interference channel 
regarding on FD mode on the outage performance. Since the computation of SINR depends on such level of 
self-interference channel, the best performance can be reported at case of Ag, = 0.001. 
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Figure 2. Outage probability transmit SNR with a = 2, a, = 0.4, d = 0.5, Ag, = 0.01, Ry = 2, Rə = 0.75 
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Figure 3. Outage probability with Ry = 2, Ry = 0.75, a, = 0.4, d = 0.5, Ag, = 0.01, m = 3 
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Figure 4. Throughput of two users and system throughput with R; = 3, R2 = 1, a = 2, o4 = 0.3, d = 0.5, 
Ag; = 0.01 
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Figure 5. The system performance with different channel gains Ri = 1, Re = 0.75, a = 3, ay = 0.4, 
d = 0.5, Ag, = 0.01, m = 2 


5. CONCLUSION 

Inthis paper, we have considered a downlink FD based NOMA systems to exploit outage performance. 
In particular, the system metric is improved by employing better channel parameters along with low level of 
self-interference channel condition due to FD mode. We derived exact expressions of outage probability and 
then the thoughput is also presented. We presented simple model of FD for the BS serve two NOMA users. We 
extend to multiple antennas designed at the BS to improve performance in the future work. 
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